RAMQ claims database and medical charts considered in the current study. In Québec, over 90% of residents were covered by health insurance from RAMQ during the period of this study. 9 The RAMQ claims database records ED claims from all hospitals in Québec making it the most comprehensive of the 3 data sources we consider. A drawback of using the database is that it is not possible to identify separate visits to the same ED if these visits were made on the same day or on consecutive days. This is because multiple claims made for the same patient cannot be linked to a specific visit. Also visits to facilities outside Québec will be missed. Finally, data entry errors could lead to inaccuracies. The third source we evaluate, hospital medical charts, may be the most accurate source of information for measuring ED use at a given hospital. However, these data have to be extracted separately at each hospital that a patient visited. This can be a problem when there are several EDs in the same area. Because chart data are often not computerized, this could be an expensive and cumbersome process. Further, problems with filing could cause some visits to be missed.
Assuming that the reference standard (ie, the medical chart, or insurance claims database) is perfect could seriously bias estimates of the self-report's validity. 10 To avoid this problem we propose using a statistical method called latent class analysis. This approach allows us to simultaneously estimate the validity of multiple imperfect measurements in the absence of a "gold standard" or perfect measurement. It has found widespread use in the analysis of medical diagnostic tests, 11, 12 and in other areas, such as psychology and sociology, 25 where "gold standard" measures are usually not available. Our objective is to develop a latent class model to estimate the validity of 3 imperfect sources of ED use (selfreport, medical chart and claims database), without arbitrarily considering one source to be a gold standard. Figure 1 provides a schematic diagram of a simple latent class model. The unknown parameters in the model are represented by ovals and the observed data by rectangles. The arrows indicate which parameters influence each observed variable. Here, ED use is measured using a dichotomous variable taking values "any ED use" or "no ED use" during a certain period. Under this model all 3 observed variables are influenced by the probability of the "latent" variable, namely the true probability of any ED use by a patient. Each observed variable is also influenced by its own sensitivity and specificity, parameters that determine its validity. The sensitivity is defined as the probability of observing ED use given that the patient truly visited an ED during the period of interest. The specificity is defined as the probability of not observing any ED use given that the patient truly did not make any ED visits during the period of interest.
The latent class model in Figure 1 can be extended to compare more than 3 imperfect measures. It can also be extended to deal with situations where the observed variables or the latent variable are ordinal or continuous (ex. ED use measured in number of visits during the period of interest). However, the complexity of the model must be balanced by the number of degrees of freedom available. In Figure 1 , where we assume that only dichotomous results are available from all 3 variables, we can observe 8 possible combinations of the data from the 3 sources: ED use according to all 3 sources; ED use according to self-report only; ED use according to medical chart only; ED use according to RAMQ only; ED use according to self-report and medical chart; ED use according to self-report and RAMQ; ED use according medical chart and RAMQ; ED use not reported by any of the 3 sources. Thus, we have 7 degrees of freedom. This means we can estimate a maximum of 7 unknown parameters. In our case we have exactly 7 parameters-sensitivity and specificity of each observed variable and the true probability of any ED use. If we had only 2 observed variables (say, the self-report and the medical chart) then it would not have been possible to estimate all 5 unknown parameters involved in this case as only 3 degrees of freedom would be available. 
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For such situations some prior information would need to be available about some of the unknown parameters.
11,12
The classic latent class model that we use in the current article makes the important assumption that the 3 sources of information on ED use are independent of each other conditional on knowing the value of the latent variable alone, ie, conditional on whether or not a patient truly had an ED visit. This means if we knew that a patient had truly made an ED visit, the fact that the visit was correctly self-reported does not influence observations made in the medical chart or RAMQ database and vice versa. An example of when conditional independence would be violated is when the following 2 statements are true: (1) if we know that when a person correctly self-reports, they are less likely to be a frequent user (as suggested by the literature 8 ); and (2) if being a less frequent user has an effect on administrative or medical chart recording given the person's true ED status.
METHODS
Data for this project were previously collected for a randomized controlled trial of a nursing liaison intervention aimed at reducing functional decline following an ED visit. 13 Patients were recruited from EDs of 4 university-affiliated hospitals in the Montreal area between September 1998 and April 1999. In brief, inclusion criteria were age 65 years or older; stable (noncritical) medical status and orientation to time and place or availability of an informant; English or French speaking; resident in Montreal; not resident in a nursing home; not transferred from another hospital; and not admitted to hospital at the ED visit. Patients were recruited based on their performance on the Identification of Seniors at Risk (ISAR) screening tool for functional decline.
14 A score of 2-6 on this 6-item questionnaire predicts increased risk of functional decline as well as more ED visits during followup 15, 16 as measured by the RAMQ database. All patients who scored 2-6 on the ISAR were randomized by day of visit to receive the intervention or usual care. A random sample (8%) of those who scored 0 -1 was also recruited. Patient consent was obtained to extract data on health services use from RAMQ databases and medical charts during the course of the study. The different sources were linked together using a unique identification number created by us for each patient. Ethics committees at the 4 participating hospitals approved the study. For the current analyses we further excluded those patients who were missing information from any of the 3 sources on the number of ED visits during follow-up or the hospital at which these EDs were located. Further, we only included patient visits made to the 4 participating hospitals.
Patient's Self-Report
During telephone interviews with the patient 1 and 4 months after baseline information on the number of repeat ED visits in the interim was obtained. Patients were asked "Since your visit to the emergency department on (date of visit), have you visited any hospital emergency (room) or been admitted to hospital?" We considered ED visits during which the patient was either admitted to hospital or discharged home. If the patient reported having visited an emergency department they were asked the name of the hospital and whether they were admitted to the hospital at that visit. When the patient was impaired an informant was questioned. In the event that the patient was contacted at the 4-but not the 1-month follow-up the total number of ED visits between baseline and the 4-month interview was recorded. 75% of reported visits were to the 4 participating hospitals.
RAMQ Claims Database
Data were extracted from this source for each patient between the dates of the patient's baseline and four-month interviews. Only visits made to the 4 hospitals participating in the study were considered. Individual ED visits were defined in 2 ways using this database: (1) RAMQ-SEQ: a sequence of claims made on consecutive days constituted a single visit; and (2) RAMQ-DAY: each day on which a claim was made was considered to be a separate visit.
Hospital Medical Chart
Details of each ED visit between the dates of the patient's baseline and 4-month interviews were extracted from medical charts at the 4 participating hospitals.
Covariates
Patient's demographic characteristics (age, sex) and clinical characteristics (cognitive impairment, comorbidity, depression) were measured at recruitment. Cognitive impairment was defined as a score of 7 or more on the Blessed Orientation, Memory and Concentration (BOMC) scale. 17, 18 High comorbidity was defined as a score of 12 or more on a self-report comorbidity questionnaire that was validated against the chartbased Charlson comorbidity index. 19 Depression was defined as a score of 6 or more on the 15-item Geriatric Depression Scale (GDS). 20, 21 Previous ED users were identified as those who had made at least one visit to any ED during the month prior to the index ED visit. Previous hospitalization was defined as any hospital discharge in the year prior to the index ED visit. This information was obtained from the Med-Echo database on hospitalizations maintained by the provincial Ministry of Health and Social Services.
Statistical Analysis
Two separate latent class models were used to estimate the validity of the different sources in measuring: 1) any ED use (Model 1), and 2) the number of ED visits (Model 2). The models are described in greater detail in the Appendix. The number of ED visits was treated as an ordinal variable having values 0, 1, and Ͼ 1. From Model 1 we estimated the validity of each source in terms of sensitivity (probability that the observed number of ED visits Ͼ 0 when the true number of ED visitsϾ 0) and specificity (probability that observed number of ED visits was 0 when the true number of ED visits was 0). From Model 2 we were able to further separate the probability of over-and underestimation by the volume of the true number of visits. For example, we could separate the probability of overestimation when the true number of visits was 0 from the probability of over-estimation when the true number of visits was 1. Both models were first fit within the 2 samples (ISAR 0 -1 and ISAR 2ϩ). Because results were very similar in these 2 groups, the remainder of the analysis was performed in the combined group. In secondary analyses, we fit Model 1 within subsets defined by the following covariates to evaluate their effect on the sensitivity and specificity of each measure: age (Ͻ 80 years, 80ϩ years), sex (male, female), comorbidity (low, high), cognitive impairment (yes, no), depression (yes, no), prior ED use (none, any), prior hospitalization (none, any) and length of recall (1 month, 3 months). We evaluated the effect of the nursing liaison intervention among patients with an ISAR score of 2ϩ. Impact of high ED use during follow-up was not examined as too few patients had multiple visits according to any source. We also did not evaluate the impact of using an informant of the validity of the self-report because of the small percentage of self-reports that were completed by an informant. Secondary analyses of Model 2 were not possible due to small number of subjects with more than 1 visit. A Bayesian approach was used for parameter estimation and inference of the latent class models. 22 WinBUGS 23 programs for implementing these methods can be obtained from the corresponding author. The suitability of the conditional independence assumption was verified using methods suggested by Berkof et al. 24 For each latent class, this method involves calculating the probability that the observed number of visits is greater than its expected value under the hypothesized conditional independence model. Very low or high probabilities would suggest that the observed data are very different from the expected data under the conditional independence model, and therefore the model is not appropriate.
RESULTS
The inclusion criteria were met for 520 patients. Of these, 132 had an ISAR score of 0 -1 and 388 had an ISAR score of 2-6. For the purpose of the current analyses, we excluded a further 84 patients with missing information on ED visits during follow-up (81 were missing information on number of visits from either self-report, RAMQ database or medical chart, 3 self-reports were missing information on the hospital where the ED was located). Information from a common time frame was available from all 3 sources for 436 patients. Table 1 summarizes the distribution of patient characteristics at baseline. The majority of patients were aged between 65 and 79 years, were women and were able to self-complete the questionnaire at baseline. Almost a third of the sample reported visiting the ED in the month prior to the index visit and 41.3% had been hospitalized in the year prior to the ED visit. Patients who were eliminated from the analysis were more likely to be 80ϩ years of age, have an informant complete the self-report, be at greater risk of functional decline and be cognitively impaired. 
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For the 436 patients during the 4-month follow-up period there were a total of 190 visits according to patients' self-reports, 267 visits according the medical chart, 290 visits according to the RAMQ-SEQ definition and 496 visits according to the RAMQ-DAY definition. The maximum length of a sequence under the RAMQ-SEQ definition was 8 days, though only 1.5% of the 290 sequences were greater than 3 days. To check whether sequences of greater than 1 day corresponded to multiple visits, we matched the RAMQ database with the hospital medical chart data by date. We found that there were no such instances in our data.
After examining the cross-tabulation of results from the 3 data sources (not shown) during the 4-month follow-up period we decided to pool patients who had more than 2 visits into one category (Ͼ 1 visit). Percentage agreement between the 3 sources was 67% when using the RAMQ-SEQ definition, and 58% when using the RAMQ-DAY definition. While a large percentage of the disagreement is due to greater number of visits recorded by the RAMQ compared with the other 2 sources, there were 5-7% of patients for whom the number of self-reported visits was greater compared with RAMQ and about 0.1-3% of patients for whom the medical chart reported more visits than the RAMQ. Table 2 summarizes the results of Model 1 when using the RAMQ-SEQ or RAMQ-DAY definitions. We can see that there is little effect on the sensitivity and specificity of the self-report and the medical chart whether they are analyzed together with RAMQ-SEQ or RAMQ-DAY definition. The estimates of the sensitivity and specificity of the self-report and medical chart were similar in both cases. The patient's self-report had the lowest sensitivity and specificity. The probability of under-reporting (approximately 36-38%) on the self-report was greater than the probability of over-reporting (about 8%). The specificity of the medical chart was very high, but there was approximately 9-10% probability of under-reporting ED visits. The RAMQ-SEQ definition performed the best with near perfect sensitivity as well as specificity. The RAMQ-DAY definition had a lower specificity (approximately 11% over-reporting), but near perfect sensitivity. This is to be expected since the RAMQ-DAY definition tends to overestimate the true number of visits by treating claims made on consecutive days during the same visit, to be made during different visits. The probability that the observed data exceeds its expected value under the conditional independence model was estimated to be 0.49 among those who truly did not visit the ED and 0.50 among those who did visit the ED, suggesting that the conditional independence assumption was appropriate. Figure 2 summarizes the impact of covariates on the sensitivity and specificity of the self-report. These results were obtained from a model that included the RAMQ-SEQ definition. Similar results for the validity of the self-report were obtained when using the RAMQ-DAY definition. Sensitivity appeared to be lower among patients aged 80ϩ, with low comorbidity and when the length of recall was shorter. Specificity appeared to be lower among those with high comorbidity. However, none of these associations were statistically significant, ie, the 95% credible intervals in different subsets overlapped substantially. It is of interest to note that the point estimates of sensitivity and specificity were similar within subgroups of patients with (6, 17) *Median and 95% credible intervals were obtained from the posterior distributions. The 95% credible interval can be interpreted as an interval within which there is 95% probability of finding the true value of the parameter.
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Medical Care • Volume 43, Number 3, March 2005 and without cognitive impairment. Thus, the relatively large percentage of patients with cognitive impairment (33%) did not affect our overall estimates of the validity of the patient's self-report. The intervention appeared to be associated with a tendency to over-report ED use (intervention group: n ϭ 145, specificity ϭ 0.88, 95% confidence interval 0.80 -0.95; control group: n ϭ 173, specificity ϭ 0.95 (95% confidence interavl 0.89 -0.98). There was no apparent effect of either patient characteristics or admitting hospital on the RAMQ-SEQ, RAMQ-DAY or MC variables (results not shown). Figure 3 summarizes the results of Model 2. From the left-hand panel, we see that the self-report has the lowest probability of estimating the true number of ED visits correctly while the RAMQ-SEQ definition demonstrates the best overall performance. The ability of the medical chart to estimate correctly decreased with increasing numbers of visits. The sensitivity of the RAMQ-DAY definition dropped when only one visit was made, due to its tendency to overestimate the number of visits in the event of any visits.
For the same reason it had a higher sensitivity when the true number of visits was Ͼ 1. Probability of overestimation was greatest for the RAMQ-DAY visit, followed by the selfreport when the true number of visits was 1. The probability of underestimation was greatest on the self-report in the event that the true number of visits was 1. The probability that the observed data exceeds its expected value under the conditional independence model was estimated to be 0.43, 0.47, and 0.52, respectively, among patients whose true number of ED visits were 0, 1, and Ͼ 1, suggesting that the conditional independence assumption was appropriate.
DISCUSSION
This study describes an alternative approach to estimating the relative validity of 3 different sources of information on ED utilization, without arbitrarily considering any one of them a "gold standard." Although medical charts or claims databases are probably more sensitive than self-reports, assuming that they detect visits 100% of the time results in exaggeration of the tendency of the self-report to overesti-FIGURE 2. Impact of patient characteristics on sensitivity and specificity of self-report from Model 1.
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Validity of Measures of Emergency Department Use mate visits. Similarly, ignoring the overestimation by the RAMQ-DAY definition would have lead us to conclude that the problem of underestimating by the self-report is greater than it truly is. While the drawbacks of medical charts and claims databases have been highlighted earlier, the lack of perfect validity of these sources has not been taken into account when estimating the validity of a self-report. The disagreement between hospital medical charts and the RAMQ database highlights the difficulty in selecting one of these as a "gold standard." While latent class analyses have been used widely for analysis of diagnostic test results, they have not been used for comparing imperfect sources of information on health services use. Like earlier studies, we found that concordance between pairs of measures of ED use was between 70% and 90%. 6 -8 In our study, the insurance claims database maintained by the RAMQ was the most accurate source in terms of both sensitivity and specificity, particularly when treating claims on consecutive days as part of the same ED visit. Patient's self-report had the least sensitivity and specificity, suggesting that as much as 30% of ED use would be under-reported while 10% of reported visits, in fact, did not take place. The medical chart was found to be intermediate between the self-report and the RAMQ-SEQ definitions with very high specificity but a lower sensitivity than the RAMQ-SEQ. Most of the covariates we examined did not appear to impact the validity of the self-report. However, age greater than 80 years, lower comorbidity and shorter length of recall appeared to be associated with worse sensitivity, while higher comorbidity was associated with worse specificity. When the observed number of visits was divided into 3 groups (0, 1 and Ͼ 1 visits), we found that the RAMQ-SEQ definition had the greatest validity followed by the medical chart. The RAMQ-DAY definition tended to have a high probability of overestimation when the true number of visits was 1, while the self-report tended to have a high probability of underestimation in this category.
The validity of the latent class analysis is dependent on whether the assumption of conditional independence is sat-isfied. Based on our model checking method, this does appear to be the case. A drawback of the latent class model is that a minimum of 3 data sources is needed. To be used when only 2 sources are available, prior information on the validity of at least one source is required. 12 Extensions of the latent class model to adjust for conditional dependence have been proposed but we did not use these as we felt our models were adequate. 26 The results of this study are generalizable only to the population studied and to the specific claims database and medical charts studied here. Further, elimination of patients without complete information on all 3 sources may have resulted in a selection bias. The small sample size may have obscured an important difference between the ISAR 0 -1 and ISAR 2ϩ groups. It may have also contributed to the nonstatistically significant effect of the covariates on validity of the self-report. Because we have a nonrepresentative distribution of the ISAR score in this study, which in turn is associated with ED visits measured by the RAMQ database, this may have slightly overestimated the self-report's sensitivity and under-estimated its' specificity. In conclusion, use of the RAMQ database with the RAMQ-SEQ definition as described in this paper, is a more valid method of measuring ED use among seniors in Quebec, compared with patients' self-reports and hospital medical charts.
probability of observing each cell of the contingency table can be split into 2 groups-the probability of observing that cell among those who truly used an ED and those that truly did not use the ED.
Using the probability notation we have:
P(T ϭ 0) (due to the assumption of conditional independence).
Further, these probabilities can be written in terms of the sensitivity and specificity of each source. For example, the probability of observing 1 or more visits on all 3 sources is given by:
where S SR , S MC , S RAMQ denote the sensitivities of the 3 sources, C SR , C MC , C RAMQ denote the specificities, and denotes the true probability of any ED use by a patient. We estimated these 7 unknown parameters using a Bayesian approach. The observed data follows a multinomial distribution with 8 possible outcomes. The likelihood is thus proportional to the product of the probability of each cell in the table raised to the power of the number of patients in that cell:
Each P ijk was further expanded in terms of the sensitivities and specificities of the 3 sources and the true probability of an ED visit, as explained above.
Prior Distributions
Noninformative Uniform (0,1) prior distributions were used for all 7 unknown parameters.
Posterior Distributions
As it was not possible to obtain an analytical solution for the marginal posterior distribution of each parameter we used a Gibbs sampler to obtain samples from these distributions instead. The Gibbs sampler was implemented by providing the above likelihood and prior distributions to the WinBUGS software package. In Model 2, SR, MC and RAMQ take values 0, 1 and 2 respectively when a patient makes no ED visits, 1 ED visit, and 2 or more ED visits. Further, we assume that patients with each observed pattern are a mixture of 3 groups for whom T ϭ 0, T ϭ 1, or T ϭ 2. Using a similar notation as for Model 1, the probability of observing 1 visit on all 3 sources is now expressed as follows:
ϭ 1, RAMQ ϭ 1͉T ϭ 1) P(T ϭ 1) ϩ P(SR ϭ 1, MC ϭ 1, RAMQ ϭ 1͉T ϭ 2) P(T ϭ 2) ϭ P(SR ϭ 1͉T ϭ 0) P(MC ϭ 1͉T ϭ 0) P(RAMQ ϭ 1͉T ϭ 0) P(T ϭ 0) ϩ P(SR ϭ 1͉T ϭ 1) P(MC ϭ 1͉T ϭ 1)P(RAMQ ϭ 1͉T ϭ 1) P(T ϭ 1) ϩ P(SR ϭ 1͉T ϭ 2) P(MC ϭ 1͉T ϭ 2) P(RAMQ ϭ 1͉T ϭ 2) P(T ϭ 2).
Once again this probability can be expressed in terms of parameters measuring the validity of each source. There are 9 such parameters for each source. For example, in the case of the self-report, there are 3 probabilities associated with "estimating correctly": P(SR ϭ 0͉T ϭ 0), P(SR ϭ 1͉T ϭ 1), P(SR ϭ 2͉T ϭ 2), 3 probabilities associated with "overestimating": P(SR ϭ 1͉T ϭ 0), P(SR ϭ 2͉T ϭ 0), P(SR ϭ 2͉T ϭ 1) and 3 probabilities associated with underestimating P(SR ϭ 0͉T ϭ 1), P(SR ϭ 0͉T ϭ 2), P(SR ϭ 1͉T ϭ 2). Similar probabilities can be defined for the medical chart and RAMQ database. Note, however, that P(SR ϭ 2͉T ϭ 1) ϭ 1 Ϫ P(SR ϭ 0͉T ϭ 1) Ϫ P(SR ϭ 1͉T ϭ 1), where l ϭ 0,1,2. This leaves us with 6 independent, unknown parameters associated with the self-report. Similar relationships exist between the conditional probabilities for the medical chart and RAMQ. Thus, the total number of unknown parameters is 20 (18 validity parameters ϩ 2 parameters to describe the distribution of T). The observed data takes the form of a 3 ϫ 3 ϫ 3 contingency table with 27 cells giving us 26 degrees of freedom, which is sufficient to estimate all parameters. We estimated the 20 unknown parameters using a Bayesian approach.
Likelihood
The observed data follows a multinomial distribution with 27 possible outcomes. The likelihood is thus proportional to the product of the probability of each cell in the table raised to the power of the number of patients in that cell:
Lϰ ͟ i, j,k ϭ 0 2 P ijk nijk Each P ijk was further expanded in terms of the validity parameters of the 3 sources and the true probability of 0, 1, or 2 ED visits, as explained above.
Prior Distributions
Noninformative Dirichlet (1,1,1) prior distributions were used over the validity parameters for each data source for a given value of T.
Posterior Distributions
As it was not possible to obtain an analytical solution for the marginal posterior distribution of each parameter, we used a Gibbs sampler to obtain samples from these distributions instead. The Gibbs sampler was implemented by providing the above likelihood and prior distributions to the WinBUGS software package.
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